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Executive summary

In light of an increasing U.S. dependence on foreign oil, as well as rising fuel costs for
the U.S. and the DoD, and implications with regard to national security and national
defense, the JASONs were charged in 2006 by the DDR&E with assessing pathways to
reduce DoD’s dependence on fossil fuels.

The study charge included the following tasks:

A.

D.

B

Explore technology options to reduce the DoD dependence on fossil fuels and/or
increase energy efficiency of our operating forces. This assessment will include an
assessment of alternative fuels and energy sources at DoD-required energy
densities, e.g., exotic alternate fuels, biomass/cellulosic biofuels, hydrogen, shale
oil, oil sands, geothermal, etc., and an assessment of the potential of structural
shaping, structural mechanical design, and novel materials application in enhancing
the survivability of lightweight vehicles.

Assess the viability of technologies to provide at least the performance required of
current DoD platforms and effort to integrate the technology and achieve the
desired level of performance. In particular, alternate fuels and energy sources are to
be assessed in terms of multiple parameters, to include (but not limited to) stability,
high & low temperature properties, water affinity, storage & handling.

Assess blast and penetration resistance in lightweight vehicles.

Analyze structures and materials designs that could be adapted for use on combat
and utility vehicles, or other DoD platforms.

In addition, JASON was asked to defer detailed analyses of USAF energy/fuel use.

Some key findings and recommendations are summarized below.

1.

2.

Based on proven reserves, estimated resources, and the rate of discovery of new
resources, no extended world-wide shortage of fossil-fuel production is reasonably
expected over, approximately, the next 25 years. While the possibility of short-
term shortages of refined gasoline or diesel product exists, depending on domestic
refining capacity relative to domestic petroleum demand, there is not a strong basis
to anticipate sustained global shortages of crude oil in the next 25 year (or more)
time frame. In addition, there is no basis to anticipate shortages in petroleum
available to the DoD, especially considering that present DoD fuel consumption is
less than 2% of the total U.S. domestic fuel consumption — a demand that can be
met by only a few domestic supply sources, at present — even though likely
decreases in domestic-oil production will make the future domestic-coverage
margin smaller. This finding is premised on the assumption of no major upheavals
in the world, in general, and in the major oil-producing nations and regions, and
oil-transportation corridors, in particular, over the next 25-year period.

The 2006 DoD fossil-fuel budget is, approximately, 2.5-3% of the national-defense
budget, the range dependent on what is chosen as the total national-defense budget.
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Larger (percentage) fuel costs are borne by families and many businesses, for
example, and fuel costs have only relatively recently become noticeable to the DoD.

3. At present, there is a large spread between oil-production cost and crude-oil prices.
Many projections, however, including that of the U.S. Energy Information Agency,
indicate that crude oil prices may well decrease to $40-$50/barrel within the next
few years, as production and refining capacity increases to match demand.

4. DoD is not a sufficiently large customer to drive the domestic market for demand
and consumption of fossil fuel alternatives, or to drive fuel and transportation
technology developments, in general. Barring externalities, e.g., subsidies,
governmental and departmental directives, etc., non-fossil-derived fuels are not
likely to play a significant role in the next 25 years.

5. DoD fuel consumption constraints and patterns of use do not align well with those
of the commercial sector. Most commercial-sector fuel use, for example, is in
ground transportation, with only 4% of domestic petroleum consumption used for
aviation. In contrast, almost 60% of DoD fuel use is by the Air Force, with
additional fuel used in DoD aviation if Naval aviation consumption is included.
Options for refueling ships at sea are more limited (or nonexistent) compared to
those for commercial vehicles in urban areas. Options for DoD use of electrical
energy on ground vehicles are limited, since one can not expect to plug into the grid
in hostile territory, for example, to refuel/recharge an electric vehicle. Furthermore,
drive cycles for DoD ground vehicles differ significantly from EPA drive cycles
that, as a consequence, provide poor standards for fuel consumption.

6. Even though fuel is only a relatively small fraction of the total DoD budget, there
are several compelling reasons to minimize DoD fuel use:

a. Fuel costs represent a large fraction of the 40-50 year life-cycle costs of
mobility aircraft and non-nuclear ships. Note that this is consistent with the
life-cycle costs of commercial airliners.

b. Fuel use is characterized by large multipliers and co-factors: at the simplest
level, it takes fuel to deliver fuel.

c. Fuel use imposes large logistical burdens, operational constraints and liabilities,
and vulnerabilities: otherwise capable offensive forces can be countered by
attacking more-vulnerable logistical-supply chains. Part of this is because of
changes in military doctrine. In the past, we used to talk of the “front line”,
because we used to talk of the line that was sweeping ahead, leaving relatively
safe terrain behind. This is no longer true. The rear is now vulnerable,
especially the fuel supply line.

d. There are anticipated, and some already imposed, environmental regulations
and constraints.

Not least, because of the long life of many DoD systems,

e. uncertainties about an unpredictable future make it advisable to decrease DoD
fuel use to minimize exposure and vulnerability to potential unforeseen
disruptions in world and domestic supply.
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The JASONs conclude that the greatest leverage in reducing the DoD dependence on
fossil fuel is through an optimization of patterns of use, e.g., planning and gaming, as
well as the development of in-situ optimization tools of fuel use that would help planners
and field officers choose between operational scenarios to minimize logistical support
requirements by minimizing fuel consumption. Such tools for planning and for
conducting operations could evolve and improve tactics, and enable significant
reductions in fuel consumption, while improving military effectiveness at the same time.

The JASONS noted that little or no hard data are available on fuel consumption at the
level of individual vehicles and vehicle types. Instrumenting an adequate fraction of
vehicles with the equivalent of commercially available telemetry/logging vehicle-
monitoring systems for fuel consumption, vehicle speed, acceleration, etc., e.g.,
equivalent to the GM “On-star” system, or the real-time fuel monitoring systems as in the
Toyota Prius, Honda Accord, etc., would yield valuable database information and help
establish realistic baselines against which vehicle mix and operational choices can be
optimized with an eye towards fuel consumption.

Large fuel savings could potentially be achieved by considering and optimizing the
unmanned platforms and systems to replace functionality of manned platforms and
systems.

Other areas with high leverage, in order of importance, include:

1. Optimization of engine types for DoD missions and use patterns. Commercial
hybrids are not optimized to DoD use patterns. Re-engine the M1A1 and M1A2
tanks, HMMWVs, B-52 bombers, etc. with modern engines designed and optimized
for their pattern of use.

2. Lightweighting vehicles costs money but can return significant fuel savings and
other benefits. The greatest potential weight savings are not in armor, but in design,
structural materials, and components of the vehicle drive system, radiator, etc.

Alternative fossil-fuel derived fuels, e.g., Fisher-Tropsch liquid fuels from coal, etc., are
more costly and less energy efficient than fuels produced by refining crude oil. If crude
oil sources are, for some reason, not indicated, the next most-cost-effective method to
achieve assured domestic fuels is Fisher-Tropsch on stranded natural gas, such as in
Alaska, albeit with attendant Greenhouse Gas (GHG) emission burdens, unless carbon-
sequestration measures are employed and prove efficacious and cost-effective. No
scaleable biomass processes today can yield DoD-suitable fuels.

The key conclusions of the study are that, barring unforeseen circumstances, availability
concerns are not a decision driver in the reduction of DoD fossil-fuel use at present.
However, the need to improve logistics requirements and military capabilities, and,
secondarily, the need to reduce fuel costs, as well as providing a prudent hedge against a
foggy future, especially in the Middle East and South America, argue for a reduction in
fuel use, in general.

We conclude by recommending that a more-in-depth analysis be undertaken that would
consider future possibilities and scenarios that could invalidate these findings by altering
the basic premise of no major upheavals in the next quarter-century, and the
consequences to the DoD, indeed, to the nation, should such upheavals occur.



The figure below summarizes world-wide oil movements (crude + refined products) and
is extracted from the BP Statistical Review of World Energy (June 2006, page 21). The
bottom figure depicts the U.S. imports distribution.
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l. Background and context

In light of an increasing U.S. dependence on foreign oil, as well as rising fuel costs and
implications with regard to national security and national defense, the JASONs were
charged in 2006 by the DDR&E with assessing pathways that could enable a reduction of
the DoD’s dependence on fossil fuels.

The study charge included the following tasks:

A. Explore technology options to reduce the DoD dependence on fossil fuels and/or
increase energy efficiency of our operating forces. This assessment will include an
assessment of alternative fuels and energy sources at DoD-required energy
densities, e.g., exotic alternate fuels/biomass/cellulosic biofuels, hydrogen, shale
oil, oil sands, geothermal, etc., and an assessment of the potential of structural
shaping, structural mechanical design, and novel materials application in enhancing
the survivability of lightweight vehicles.

B. Assess the viability of technologies to provide at least the performance required of
current DoD platforms and the effort required to integrate the technology and
achieve the desired level of performance. In particular, alternate fuels and energy
sources are to be assessed in terms of multiple parameters, to include (but not
limited to) stability, high- and low-temperature properties, water affinity, storage
and handling.

O

Assess blast and penetration resistance in lightweight vehicles.

D. Analyze structures and materials designs that could be adapted for use on combat
and utility vehicles, or other DoD platforms.

E. Defer detailed analyses of USAF energy/fuel use.

Part of the original study charge included a call for a study of energetic materials. That
was addressed in a separate JASON 2006 study (Prentiss et al. JSR-06-130).

Prior studies on this general topic have been performed by the Defense Science Board
(2001), by the Air Force Science Advisory Board (2005), and by other DoD advisory
groups. These studies helped place the present study in context and provided an
important input to the present study. Other studies for the DoD on this general topic are
also in progress by the DSB and other groups at this time.

The JASON study focused more on Science and Technology aspects than on policy
perspectives. In addition, the JASON study was performed within the context of the U.S.
and global situation in 2006.

At present, U.S. crude oil imports provide 63% of domestic consumption and are slowly
rising, public awareness or perception of climate change and global warming concerns
attributable to fossil-fuel consumption are also rising, and there are tensions in the
relationship between the U.S. and several countries with large proven oil reserves, both in
the Middle East and South America (Venezuela, for example), as well as other regions of
the world (cf. figures on page iv).



Il Briefings, discussions, and other input

This was a large study by JASON standards with many dimensions requiring atiention,
examination, and analysis. We are grateful to the following briefers for their
presentations, follow-up materials and conversations, and general assistance and insights.

26Jun06:

Ed Schaffer [ARL / OSD APTI]: Energy and Power Technology Initiative Update

Marvin Wenberg [DESC, SC, USN]: DESC Overview

William Voorhees [NAVAIR]: Department of the Navy Future Fuels for Tactical
Applications

27Jun06;

Charles Raffa [TARDEC]: Ground Vehicle Powertrains

Ghasan Kahlil [TARDEC]: Army Hybrid Electric Efforts

Anthony Nickens [ONR]: ONR Science and Technologies for Fuel Savings

James Webster [NAVSEA]: Propulsion Methods for Surface Combatants

Dieter Multhopp [AFRL]: Addressing Air Force Fuel Issues: Air Vehicle
Efficiency

Chris Norden [AFRL]: Turbine Engine Technologies and Future Innovative
Opportunities for Fuel Efficiency

Tim Edwards [AFRL]: Alternative Fuels

28Jun06:

Stan Horky [GM]: Current Development of Fuel-Cell Vehicles

Ann Karagozian [AFSAB]: Technology Options for Improved Air Vehicle Fuel
Efficiency

Paul Scott [ISE]: Advanced Power-Trains and Hydrogen-Fueled Hybrid Electric
Buses: Reporting on In-Service Experience and Fossil-Fuel Substitution.

Bill van Amburg [Weststart-CALSTART]: Medium and Heavy Hybrid Vehicles:

Field Experience and Commercial Development

Scott Kochan [Ovonic Hydrogen]: Hydrogen ICES Vehicles

13Jul06:
Scott Schoenfeld [ARL]: Advances in Armor

17Jul06:
Tad Patzek [UC Berkeley]: The Real Biofuel Cycles
Michael Wang [ANL]: Well-to-Wheels Analysis of Vehicle/Fuel Systems
20Jul06: (VTC)
Robert Roche and Peter Melik [Army, AMSAA]: Fuel Consumption Modeling
and Support Insights

In addition, we would like to acknowledge the assistance and reference material provided
by Prof. David Pimentel [Cornell U.] on biofuels and agricultural-sustainability issues
and to Dr. Steven Koonin [BP], for providing otherwise difficult to obtain cost and other
data to our study, as acknowledged specifically below.



Statement of the problem

The JASON study was organized around the following series of questions:

The first group of questions concerns the present:

1
2.

o

Is there is a potential future shortage in (crude) oil supply to the DoD?

What are the national-security/national-defense implications of the global and
domestic oil supply/demand picture?

Are present/anticipated DoD fuel costs a decision driver?

What are the logistical, operational, and tactical consequences of present DoD fuel-
use patterns?

What are the main fuel-efficiency and conservation drivers?

The second series of questions relates to the future:

6.

How could DoD fuel-use reductions be realized and what advantages (e.g.,

financial, operational, and tactical) would be realized if these reductions were to be
achieved?

How could one beneficially change tactics, CONOPs, use patterns, etc., in response
to a reduction in fossil fuel consumption?

What technology options are available to the DoD to facilitate reductions in (fossil-)
fuel use?

Where should DoD invest for the greatest return on investment?
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